Analysis of diesel particulate matter on single cylinder diesel engine using waste plastic fuel by Mohd Radzi, Mohd Rasol
  
 
 
ANALYSIS OF DIESEL PARTICULATE MATTER ON SINGLE 
CYLINDER DIESEL ENGINE USING WASTE PLASTIC FUEL 
 
 
 
 
 
 
MOHD RADZI B MOHD RASOL 
 
 
 
 
 
 
Report submitted in partial fulfillment of the requirements  
for the award of Bachelor of Mechanical Engineering with Automotive Engineering 
 
 
 
  
 
 
Faculty of Mechanical Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
 
 
JUNE 2012 
 
 
 
vii 
 
 
ABSTRACT 
 
 This study deals with the size diameter and concentration distribution of 
particulate matter (PM) using single cylinder engine diesel using waste plastic 
disposal fuel. The experiment was devided by two. First experiment is to determine 
fuel characteristic and the second experiment to analyzed the size diameter and 
distribution of PM. The characteristic fuel is for determine affect to size diameter and 
concentration distribution for both fuel. For the experiment size diameter and 
concentration distribution of PM both fuel be test in 5 different speed which is 1200 
rpm,1500 rpm, 1800 rpm, 2100 rpm and 2400 rpm. From the experiment, the result 
be determine is concentration of PM, dry soot(DS), soluble organic fraction (SOF) 
and size diameter. All the result can obtained by the calculation and analysis. The 
end of this analyis show the waste plastic disposal fuel is better than diesel in term 
produce of gas emission . where the result show waste plastic disposal fuel produce 
less PM ,NOx, NO, CO2, CO and O. While result for distribution of size diameter 
PM, waste plastic produce less PM with diameter below 100 nm than diesel fuel. 
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ABSTRAK 
 
Kajian ini berkaitan dengan diameter dan pengagihan taburan bahan zarahan 
(PM) dengan menggunakan enjin diesel satu silinder menggunakan sisa plastik 
pelupusan bahan api. Eksperimen itu dibahagikan kepada dua eksperimen. 
Eksperimen pertama adalah untuk menentukan ciri-ciri bahan api dan eksperimen 
kedua untuk menganalisis saiz diameter dan taburan PM. Bahan api ciri adalah untuk 
menentukan memberi kesan kepada saiz diameter dan taburan kepekatan bagi kedua-
dua bahan api. Untuk saiz diameter eksperimen dan pengagihan kepekatan PM 
kedua-dua bahan api akan diuji dalam 5 kelajuan yang berbeza iaitu 1200 rpm, 1500 
rpm, 1800 rpm, 2100 rpm dan 2400 ppm. Daripada ujikaji tersebut, hasil akan 
menentukan kepekatan PM, jelaga kering (DS), pecahan organik larut (SOF) dan saiz 
diameter. Semua keputusan boleh diperolehi dengan menggunakan pengiraan 
formula dan akhir analisis ini menunjukkan minyak sisa pelupusan  plastik adalah 
lebih baik daripada diesel dalam segi pelepasan bahan gas. Di mana menunjukkan 
hasil pembuangan sisa bahan api plastik menghasilkan kurang PM, NOx, NO, CO2, 
CO dan O. Manakala bagi pengedaran hasil PM saiz diameter, plastik sisa 
menghasilkan PM kurang dengan diameter di bawah 100 nm daripada bahan api 
diesel. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1  PROJECT BACKGROUND 
 
 Today, solid waste management is a critical national issues. One of the issues 
regarding landsfills in malaysia is an abbreviate life span due to intesifying amount 
of the solid waste generation and human populationas well other concerns about 
environmental and public health as consequences of inefficeint waste management 
which result to fly production, odour, leachete and other posible negative effects. 
 
 On an average per person generation of solid waste is 1 kilogram per day in 
Malaysia - approximately 26 million people in the country produce 26 million 
kilograms of solid waste every single day. Over 180 landfill sites are located in the 
Peninsula alone with 50 percent being open dumping grounds. Composition for solid 
waste management for Kuala Lumpur at residential area in 2002 shown food waste is 
the bigger the most waste produce with 63.1%, follow by plastic with 14.3%, third 
mix papers 6.7%, yard waste 6.3%, others 2.8%, ferrous 2.3%, glass 2.1%, textiles 
1.7%, rubber & leather 0.6 and last aluminum 2.8%. (Source: Nazeri 2002)  
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Figure 1.1: Pie chart for composition of solid waste management in malaysia 2005 
 
Source: Nazeri 2002 
 
 Plastic is non biodegradable product or waste. So the alternative to reduce for 
the waste of the plastic, the engineer found the solution to convert the plastic become 
fuel. In the same time it can be addition new choices for source energy. A few 
research proves that plastic fuel can generated combustion in engine but still below 
performance than diesel.  
 
Beside waste plastic problem, Malaysia also has problem about air pollution. 
Malaysia department of environment by according to 2000 data, about 29 percent of 
the population used solid or biomass fuels for their cooking and heating needs. Only 
11 percent of the vehicles still use diesel while 89 percent have been using unleaded 
gasoline. Emissions from mobile and stationary sources are the most significant 
sources of pollution. Emissions from mobile sources contribute 80.4 percent of the 
total load, followed by emissions from stationary sources such as industrial fuel 
consumption (9 percent), industrial processes (1.2 percent), power stations (8.8 
percent), domestic fuel (0.2 percent) and open burning at solid waste dumping sites 
(0.4 percent). (Source: World Health Organization 2005)  
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The air quality in Malaysia is reported as the Air Pollution Index (API). PM10 
particulate matteris reported in μg/m3. This scale at table 1.1  shows the health 
classifications used by the Malaysian government.  
 
Table1.1:  API standard for malaysia 
 
API 
(μg/m3) 
Air 
Pollution 
Level 
Health Implications 
0 - 25 Low Not expected. 
 
26 - 50 Medium Not expected for the general population. 
 
51 - 100 High Acute health effects are not expected but chronic effects may 
be observed if one is persistently exposed to such levels. 
 
100 - 200 Very 
High 
People with existing heart or respiratory illnesses may notice 
mild aggravation of their health conditions. Generally healthy 
individuals may also notice some discomfort. 
 
201 - 500 Severe People with existing heart or respiratory illnesses may 
experience significant aggravation of their symptoms. There 
may also be widespread symptoms in the healthy population 
(e.g. eye irritation, wheezing, coughing, phlegm and sore 
throats). 
 
Source: Air Pollutan Index Management System (2011) 
 
 1.2  PROBLEM STATEMENT 
 
 Today, mostly vehicle in the world using fossil fuel to generated power for 
the engine of vehicle. The source of fossil fuel by year consumer for fossil fuel is 
increase. So, many scientist and engineer still seeking the best solution for replace 
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the fossil fuel as energy. One of the solutions is using waste plastic fuel as 
replacement for fossil fuel. 
 In fact, vehicle using petroleum causes bad air quality especially engine using 
diesel fuel. So to overcome this problem, to find new source energy is needed to be 
replacing petroleum oil and safe used for people and environment.  
 
 
1.3 PROJECT OBJECTIVES 
 
 The objectives of this project are to analyze diameter and concentration 
distribution of particulate matter (PM) running on single cylinder diesel engine using 
waste plastic fuel. This project objective to study the size diameter and concentration 
Of PM will produce by waste plastic when running in diesel engine. The size 
diameter and concentration distribution PM be compare to diesel fuel. 
 
1.4 SCOPE OF STUDY 
 
 The following scopes of the project are determined in order to achieve the 
objectives of the project: 
a) analysis of fuel characteristic of waste plastic fuel and diesel. 
b) measure diameter of DPM  and waste plastic particulate matter (WPPM). 
c) analysis of size distribution of DPM and WPPM. 
 
1.5 THESIS OVERVIEW 
 
The next chapter will describe in the literature review. The description is 
about the information related for this study such as about particulate matter, diesel 
engine and so on, Chapter 3 will tell about methodology for the experiment. This 
chapter describes the equipment will used for the experiment and procedure for taken 
data. 
 
Chapter 4 is about result and analysis. The result will be plot in graph. Every graph 
will be discussed the trend of the graph. Lastly the Chapter 5 is about Conclusion and 
5 
 
 
recommendation for the future experiment. From the data analysis the conclusion can 
be made and the recommendation is for to improvement the experiment in future. 
  
 
 
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 DIESEL ENGINE 
 
A diesel engine is a one of internal combustion engines where the products of 
combustions generated by the combustion of fuel and air within the cylinder form the 
working fluid. Diesel engine also know as compression ignition engines (CI) is 
initiated by the heat attained by the high compression of the air charge in the 
cylinder. CI engines works depend completely on compressing air enough to achieve 
a temperature capable of igniting the fuel.  
 
2.1.1 Engine Components. 
 
(i)  Cylinder Block: 
   The cylinder block is the main supporting structure for the various 
components. 
 
(ii) Cylinder: 
Cylindrical vessel or space in which the piston makes a reciprocating motion. 
the varying volume created in the cylinder during the opertaion of the engine 
is filled with the working fluid for the thermodynamic process. The cylinder 
support in the cylinder block. 
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c) Piston:  
 It is a cylindrical component fitted into the cylinder forming the moving 
 boundry of the combustion system. It forms the first link in transmitting  the 
 gas forces to the output. 
 
d)  Combustion chamber: 
 The space enclosed in the upper part of the cylinder, by the cylinder head 
 and the piston top during the combustion process, is called combustion 
 chamber. 
 
e) Inlet manifold: 
 The pipe which connects the intake system to the inlet valve of the engine 
 and through which air or air-fuel ixture is drawn into the cylinder is 
 called the inlet manifold. 
 
f) Inlet and Exhaust Valves: 
 Commonly look like mushroom. They are provided either on the cylinder 
 head or on the side of the cylinder for regulating the charge coming into the 
 cylinder (inlet valve) and for discharging the products of combustions 
 (exhaust) from the cylinder. 
 
g) Connecting rod: 
 It interconnects the pistons and the cranckshaft and transmits the gas 
 forces  from piston to crakshafts. 
 
h) Crankshaft: 
It converts the reciprocating motion of the piston into useful rotary  
 motion of the output shaft. 
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i) Camshaft 
 The camshaft associated parts control the opening and closing inlet and 
 exhaust valve  
 
 
 
Figure 2.1: Diesel Engine diagram (Courtesy Marine Engine) 
 
Source: Nigel Calders (2010) 
 
 j) Cam: 
 these are made as integral parts of the camshaft and are design in such a 
 way to  open the valves at the correct time ing and to keep them open for the 
 necessary duration.  
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k) Fuel injector: 
 To spray atomized fuel into the combustion chamber of an internal 
 combustion engine. 
 
2.1.2 Diesel Cycle 
 
 Diesel engine or Compression ignition (CI) engine is similar to the Spark 
ignition (SI) engine except that at high compression ratio is used in the CI engines. 
The image below how four stroke compression ignition (CI) Engine work. 
 
 
 
Figure 2.2: Process 4 stroke compression ignition 
 
Source: 4Mechanical.com (2011) 
 
 During intake stroke, the inlet valve opens and only the air enters into the 
cycle as the piston moves from top dead center (TDC) to bottom dead center (BDC). 
With the inlet and exhaust valves closed, the piston compresses the air. Both the air 
pressure and temperatures rise. When the piston almost reaches on the TDC, fuel is 
injected in a finely divided form into the hot swirling air in the combustion space. 
Ignition occurs after a short delay, the gas pressure rise rapidly and a pressure wave 
is set up. Work is done by the gas pressure on the piston as the piston sweeps the 
maximum cylinder volume. During this expansions or power stroke, the temperature 
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and pressure of the burns fall. When the piston approaches the BDC, the exhaust 
valves opens and the products of combustion are rejected from the cylinder during 
the exhaust stroke. (source: Ganesan, V. 2008) 
 
 
 
Figure 2.3: Ideal P-V diagram for a four stroke CI engine 
 
Source: Eastop & McConkey (1993) 
 
 The Process 1-2 is isentropic compression of the fluid, then the Process 2-3 is 
reversible constant pressure heating. While Process 3-4 is isentropic expansion and 
lastly Process 4-1 is reversibleconstant volume cooling. The Diesel is a heat engine it 
converts heat into work. The isentropic processes are impermeable to heat and  heat 
flows into the loop through the left expanding isobaric process and some of it flows 
back out through the right depressurizing process, and the heat that remains does the 
work.  
 
2.2 Particulate Matter 
 
 Particulate matters is particle found in the air , including dust, dirt, soot, 
smoke and liquid droplet. Particle matters can be suspend in the air for the long time 
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periods and some particles are large or dark can be seen as soot and smoke. Some 
particles matter so small and can be seen by elctron microscope. The particle matter 
come from variety sources such as cars, trucks, power plants, factories and others use 
combustion to produce energy.  
2.2.1 Diesel Particulate Matters 
 
 Bud (2008) stated Diesel particulate matter (DPM) is a complex mixture of 
elemental carbon (EC) particles, soluble organic carbon, including 5-ring or higher 
polycyclic aromatic hydrocarbons (PAHs) such as benzo(a)pyrene, as well as other 
metallic compounds. Also, DPM usually contains some small amounts of nitrates, 
sulfates and sulfuric acid that is created through reaction of sulfates with water 
molecules present in the air during ignition or after release into ambient air. Also, 
diesel exhaust contains some trace elements, water and unidentified components. 
DPM is made up almost entirely of tiny particles below 1-3µ (microns) as well as 
ultrafine particles that are smaller than 1µ. 
 
 
 
 
 
 
 
 
Figure 2.4: DPM next human hair 
 
Source: Lizz Budd (2008) 
 
 DPM’s danger depends on size of distribution. DPM’s with small size inhaled 
into the deep lung and lower respiratory tract where it can damage lung cells. The 
small size of DPM also has a large area surface, allowing adsorbing large quantities 
of ash, organic carbon, organic compounds and sulphates. 
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2.2.2 Particle Filter Dust Measurement and Data Arrangement 
 
PM can watch under electric microscope particle its to be one groups, the 
dust which the picture is just one simple particle. The data can be analyze and 
calculate by using formula.  
 The formula (Da) to calculate the size of cohesion to desire from particulate 
matter with electric microscope can use merger cohesion by cohesion by PLANI X-3 
to reduce the error its need do it at 4 time to calculate and use the average. The 
number of particle is np with conclude in cohesion and calculate by this formula 
(source: Medalia – Heckman, 129) : 
 np = 
15.1








pa
Aa
           or : Aa = ap . np 
0.87
                                                         (2.1) 
Where : Aa is cohesion are projection area. 
 Ap is only one ball dust area. 
Cohesion from Va (volume) is become: 
 Va = np 





6
. 3da
 = 
15.1






Ap
Aa
. 
6
. 3da
                                                         (2.2) 
Diameter for one particle can be calculate with this formula: 
 Da = da . np 3
1
 = da 
383.0
2.
.4






da
Aa

                                                                 (2.3) 
Where: da is the diameter of the dust in cohesion is almost same 
Kv = 1, where Kv is factor the number of diameter to calculate fusion volume 
collection between ball dust.  
 
 
 
 
 
 
Figure 2.5: Particulate Matter (PM) picture under electric microscope with  
resolution 50000 
 
Source : Wibawaningrum (2005) 
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Then, change cohesion can devise some number of cohesion (Na), next 
calculate all equal value projection area. 
 
After that, calculate all equal value projection area, change cohesion we 
device some number of cohesion (Na) 
Aa = 
15,1
1
15,1
1 









Na
i
Aai                                                                                  (2.4) 
Where : Aai  is cohesion projection area in inside of change cohesion Na is number of 
cohesion 
 Applicable for equal 1 and 2 and we can calculate equal value (Da) which is 
like volume of change cohesion. Average diameter of dust at position is Np, diameter 
(dp) of  Np simple dust and Da of Na cohesion or change cohesion.  
 
 And N = Na + Np which are simple ball dust, cohesion and change cohesion 
contain the picture at same point. The average diameter can define by  
 
(i) AD  is Arithmetic Mean Diameter 
AD = 
N
dpDa 
                                                                                                    (2.5) 
 
(ii) Dg = Geometric Mean Diameter or Logarithmic Mean Diameter 
Dg = exp 







  
N
dpDa lnln
                                                                            (2.6) 
 
(iii) Dv  = Volume Mean Diameter 
Dv  = 











 
pp
pap
Nn
ddn
33
.
                                                                                   (2.7) 
 
 
 
 
